(4) argininosuccinic aciduria due to a defect of argininosuccinase in the liver (Levin, 1965) , in the red cells (Tomlinson and Westall, 1964) , or in the brain (Hooft, Carton, and De Schrijver, 1968) .
The present case concerns a patient with attacks of lethargy due to ammonia intoxication and in whom the main defect in ureogenesis was a disturbance of ornithine carbamyl transferase, and secondarily of carbamyl phosphate synthetase.
Methods
Blood for ammonia determination was allowed to flow from a punctured vein immediately into a glass-stoppered flask. Ammonia determinations were performed in triplicate using the microdiffusion method of Seligson and Hirahara (1957) with the Technicon amino acid analyser using the technique of Efron (1965) . Plasma was deproteinized with solid sulphosalicyclic acid. Normal values of plasma amino acids were determined in 10 children of the same age as the patient. Orotic acid was determined in the urine by paper chromatography using a mixture of propanol, formic acid, water (7 1: 2 :) as a solvent. The spots were visualized in ultraviolet light and coloured with bromphenol blue according to the technique described by Thomson (1960) . Quantitative orotic acid analyses were performed according to the technique of Rogers and Porter (1968) .
The following assays of the urea cycle enzymes were modified from the methods of Brown and Cohen (1959) . Carbamylphosphate synthetase (Colombo and Richterich, 1968) ; argininosuccinate cleavage enzyme (Colombo et al., 1967a) ; arginase (Colombo et al. 1967a ); ornithine carbamyl transferase was determined following the method of Weber (1963) , aspartate aminotransferase modified from Karmen (Richterich, 1969) and alanine aminotransferase modified from Wroblewsky and La Due (Richterich, 1969) ; glutamate dehydrogenase after Richterich (1969) .
Case Report
The patient was the first child of healthy, unrelated parents; the antenatal and neonatal history was normal. Birthweight was 3-5 kg. She started vomiting at the age of 14 days; she was admitted to hospital at the age of 1 month after her mother found she was unable to wake her in the morning. She remained in a coma for 48 hours, and extensive investigations failed to reveal the cause. The only abnormal findings were a diffuse slow wave pattern on EEG and a slight increase in urinary amino acids on paper chromatography; blood amino acids on paper chromatography were interpreted as normal. The child was treated with intravenous fluids and was discharged without a diagnosis 14 days later. After this initial episode, her development was slow. At the age of 12 months her weight was 10 kg. She was unable to sit alone. Vomiting recurred repeatedly; during the episodes of vomiting she became sleepy and refused any food for 12-14 hours, but then recovered spontaneously if the mother offered water liberally. There was no diarrhoea. Vomiting increased in frequency after the age of 1 year; and she was referred at the age of 18 months for failure to thrive, along with mild mental retardation.
At the time of admission she was fairly well nourished, weighing 10 kg., the length was 78 cm., corresponding to the 25th centile; she was unable to stand alone and was hypotonic. There was slight microcephaly, head circumference 43 cm. She was quite responsive to her surroundings.
Radiological examination of the gastro-intestinal tract was normal, as was the bone age.
During the first week in hospital vomiting occurred several times a day, but the weight remained unchanged. Analyses of blood, urine, and CSF were normal.
The only abnormal finding was an increase in blogd transaminases: GOT 172 IU (normal for age: 7-35), GPT 131 IU (normal for age: 6-32). Total protein, electrophoresis, and immunoelectrophoresis were normal.
On the 8th day after admission vomiting increased suddenly, she lost 500 g. within 24 hours, and went into a coma. The liver, previously of normal size, was slightly enlarged. Blood pH and plasma electrolytes were normal. Blood ammonia analyses performed for the first time gave very high values: 300 pg./100 ml.
(normal range up to 120 ug./100 ml.). Blood urea was only 26 mg./100 ml. Plasma bilirubin and flocculation test were normal, but the transaminases remained high: GOT 176 IU, GPT 200 IU, aldolase 6-5 IU (normal for age: 1-5-5), LDH 669 IU (normal for age: 340-600).
At that time the chromatogram of the plasma amino acid (Fig. 2) (1-9 umole/100 ml.), ornithine was increased (13.4 /Amole/100 ml.). Glutamine* and proline were not measurable; serine, leucine, isoleucine, valine, phenylalanine, tyrosine, and threonine were decreased. Glutamic acid was increased (64 ,umole/100 ml.), as was ethanolamine. Glycine, alanine, aspartic acid, and lysine were in the normal range.
The quantitative chromatography of amino acids in urine showed a very low excretion of arginine and ornithine, and the other amino acids were also mainly on the lower level of the normal range, as taken from the measurements of Vis (1963) .
Amino acid analyses of CSF 5 days after the first plasma chromatogram (Fig. 3) showed an increase in glutamine and glutamic acid, a decrease in arginine, and lower or normal levels of ornithine and citrulline.
In this first episode of coma, the child was treated with fluids intravenously for 4 days. Consciousness returned after 24 hours, when the blood ammonia had dropped to 120 ptg.f100 ml. She was then put on a low protein diet of 0 5 g. protein/kg. per day. After only 10 days on that diet the amino acid chromatogram of the plasma was quite different. Glutamic acid was in the normal range, but glutamine had increased to 76 * 3 umole/ 100 ml.; proline and serine were present in normal amounts, but arginine and citrulline remained low (Fig. 2 ). With this diet, which was continued during the next 3 months, vomiting ceased completely, and she gained 1 kg. weight within a month. The transaminases became normal and postprandial blood ammonia remained below 100 jtg./100 ml.
After 3 months the protein content of the diet was increased to 1 g./kg. per day. This was well tolerated, and during the next 6 months, the weight increased by II 3 kg. and the length by 6 cm. Mental retardation, however, was not improved. After this she was again put on a high protein diet of 3 g./kg. per day for 3 days, but on the first day of this diet she started vomiting and on the third day she became comatose, with the blood ammonia having risen to 232 4tg. 100 ml. Plasma urea did not increase (Table I) .
Special Studies Histology of liver biopsy. A surgical liver biopsy was performed 19 days after an episode of coma. The general architecture of this liver biopsy was normal, the hepatocytes were swollen and showed some fine fatty degeneration; special stains for reticulin and with PAS gave normal pictures. group (a) Infusion of ammoniun chloride. The effects on blood ammonia and plasma urea are summarized in Table III . A conspicuous increase in blood ammonia was seen 60 minutes after the start of the infusion, when the child was on a low protein diet, and after 30 minutes when she was on a higher protein diet, in spite of the lower ammonium chloride load. The amount of ammonium chloride given did not change the blood pH. The urea in plasma did not rise. At the end of each infusion the child became drowsy and somnolent.
With ammonium chloride 90 mg./kg. there was a decrease in concentration of most amino acids after the infusion, except for glutamic acid and glutamine. This was less pronounced with the smaller loading dose. (Table IV) . At the same time glutamic acid and later glutamine levels increased in the patient but not in the control. There was no significant change in arginine, citrulline, and proline levels.
Effects of low protein and high protein diet on ureogenesis. After the patient had been on a low protein diet of 0 5-1 g./kg. per day for 5 months she was changed to a higher protein diet of 3 g./kg. per day: on the first day on this diet she started vomiting and on the third day became comatose, when blood ammonia increasedto 232 ug./100 ml. The effects onthe metabolism of nitrogen are summarized in Table I . There was no change in the blood urea, while the excretion of total nitrogen, urea nitrogen, ammonia nitrogen, and amino acid nitrogen increased strikingly during the high protein diet regime. (Schimke, 1962) . It might therefore be that the accumulating carbamyl phosphate, which cannot be incorporated to form citrulline, leads to a deceleration of the carbamyl phosphate synthetase reaction. Since the other liver enzymes of the urea cycle as well as the glutamine dehydrogenase and the alanine aminotransferase were normal, liver damage can be excluded. A general decrease of the urea cycle enzymes, as observed in one case of Russell (1962) , might be a sign of subclinical liver damage. In a case of anicteric subacute hepatitis in childhood with periodic ammonia intoxication, low activities of urea cycle enzymes were noted (Colombo et al., 1967b) .
If the diminution of ornithine carbamyl transferase activity is the main defect, one would expect an increase in plasma ornithine and a low concentration of citrulline, and this was present when the patient was on a normal or high protein diet. On a low protein diet the over-all activity of the urea cycle may be sufficient to deal with the normal plasma level of ornithine. Since ornithine can be converted to proline and glutamic acid, it is possible that a part of ornithine is diverted into that pathway. Both the increased plasma concentration of glutamic acid on high protein intake, and the results of the ornithine loading test, suggest that if ornithine accumulates it is rapidly converted to glutamic acid.
The high concentration of glutamine in CSF and in plasma after a diet low in protein suggest that the patient apparently fixes a large amount of ammonia in the form of glutamine. Duda and Handler (1958) have shown in rats that if 15N labelled ammonia is given intravenously, 30 minutes after injection 72% of the label is present in glutamine and 18% in urea. Ammonia is therefore rapidly incorporated into the amide group of glutamine. With a defective urea cycle, this incorporation into glutamine leads to a high concentration of this substance in the body fluids. In the kidney, ammonia is split off from glutamine by the action of glutaminase, and the high ammonia content of the patient's urine while on a high protein diet is the result of this mechanism.
Carbamyl phosphate and aspartic acid may react to form orotic acid, so that carbamyl phosphate synthetase also catalyses the first step of the synthesis of pyrimidines. Accumulating ammonia which is not fixed by glutamic acid to form glutamine may be taken up in the carbamyl phosphate synthetase reaction. The accumulation of ammonia could therefore increase the rate of orotic acid excretion in the urine of the patient, especially when on a high protein intake.
When the patient is on a high protein diet she is able to increase her ureogenesis to a limited extent. However, the percentage of nitrogen excreted as urea does not increase when she is changed from a low to a high protein intake. This points to the fact that she is unable to raise the rate of urea formation adequately, in conformity with the observation of partial enzyme deficiency in the urea cycle.
The absence of symptoms in both parents and sibs, the normal blood ammonia levels in the mother, in the father, and in the sibs, the relative mildness of the condition in the child, and the moderate decrease in the ornithine carbamyl transferase (to 35% of the lowest control value), suggest that our patient suffers from the same condition as the variant type of liver transcarbamylase deficiency recently described by Levin et al. (1969) .
Summary
An 18-month-old female infant, with mental retardation and repeated attacks of vomiting with lethargy or coma since birth, was shown to suffer from periodic ammonia intoxication, due to a defect in ureogenesis. Loading tests with ammonium chloride, and with ornithine produced an abnormal increase in blood ammonia, glutamic acid, and
